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a b s t r a c t 25 A numerical model for the three-dimensional starting jet flow in a channel with a static larynx-shaped 26 constriction is presented. Detailed resolution of this kind of jet flow is necessary in order to understand 27 the complex coupling between flow and acoustics in the process of human phonation. The numerical 28 model is based on the equation of continuity and the Navier-Stokes equations. The investigations are 29 done with the open source CFD package OpenFOAM. Numerical simulations are performed for a 30 square-sectioned channel geometry, which is constricted with a fixed shape conforming to the fully 31 opened human glottis. Time-dependent inflow boundary conditions are applied in order to model tran- 32 sient glottal flow rates. The setup of the numerical simulations corresponds to the configuration of a 33 model experiment in order to allow detailed validation. The numerical results are in good agreement 34 with the experimental data, when the near-wall region in the glottal gap is adequately resolved by the 35 numerical grid. The results illustrate the complex interactions between the jet flow and the surrounding 36 vortices. 
Introduction

41
Human voice is produced by the pulsating airflow generated 42 during the self-sustained oscillations of the vocal folds. Actually, 43 the physics of this phenomenon with emphasize on the interac- 44 tions between the vocal folds oscillation, the aerodynamics of the 45 airflow and the acoustics of the generated sound is a highly active 46 field of interdisciplinary research, see e.g. [1] . Fluid mechanics re-47 search is done with experimental models or with numerical simu-48 lations. Among others, some important effects which have been 49 studied in the past by means of computational fluid dynamics 50 (CFD) are flow separation in the glottis [2, 3] , Coanda effect [4, 5] , 51 intraglottal pressure distribution [3, 4, 6] , glottal airflow rate 52 [1, 3, 7] , pulsating air jet flows [8] [9] [10] and supraglottal jet turbu-53 lence [5] . 54 The nonacoustic fluid motion of the air in the glottis provides a 55 source of sound, with the monopole source associated to the pul- 56 sating air flow and dipole as well as quadrupole source terms 57 which arise from the mutual interactions of vortical structures 58 and the supraglottal jet with the walls. It is generally accepted that 59 flow separation in the glottis has a major effect on the pressure 60 field and the jet flow in the supraglottal region, see e.g. [2] . There 61 are several papers which investigate flow separation in the glottis 62 by means of numerical simulations with lower-dimensional 63 numerical models, e.g. [1, 3] . These models have special treatments The geometric data for the glottis is given in Table 1 . 
Measurements of the starting flow
166
In the experiments, the starting jet flow is generated by a jump- results, which is observed only for x/H P 0.6, increases with time. 476 Again, the overall agreement between SIM and PIV is acceptable. 477 However we admit that the numerical data set is not really an shear layers into the flow domain. Contrary C lv is found to be con-587 stant for 9 6 t ⁄ 6 15. Then, a slight increase of C is observed for 588 t ⁄ > 15, but there is also an increasing uncertainty in these values.
589
Due to the increasing complexity of the structure of the leading 590 vortex, the determination of C becomes more and more difficult. 591 Finally, we cannot specify reliable values for C for t ⁄ > 20. 592 According to Gharib et al. [16] , the separation of the leading 
